∼ 2. The number of the independent pieces of information available from GEMS measurements is estimated to 3 on average in the stratosphere, with associated retrieval errors of ∼ 1 % in stratospheric column ozone. The difference between OMI and GEMS retrieval characteristics is apparent for retrieving ozone layers above ∼ 20 km, with a reduction in the sensitivity and an increase in the retrieval errors for GEMS. We further investigate whether GEMS can resolve the stratospheric ozone variation observed from high vertical resolution Earth Observing System (EOS) Microwave Limb Sounder (MLS). The differences in stratospheric ozone profiles between GEMS and MLS are comparable to those between OMI and MLS below ∼ 3 hPa (∼ 40 km), except with slightly larger biases and larger standard deviations by up to 5 %. At pressure altitudes above ∼ 3 hPa, GEMS retrievals show strong influence of a priori and large differences with MLS, which, however, can be sufficiently improved by using better a priori information. The GEMS-MLS differences show negative biases of less than 4 % for stratospheric column ozone, with standard deviations of 1-3 %, while OMI retrievals show similar agreements with MLS except for 1 % smaller biases at middle and high latitudes.
Based on the comparisons, we conclude that GEMS will measure tropospheric ozone and stratospheric ozone columns with accuracy comparable to that of OMI and ozone profiles with slightly worse performance than that of OMI below ∼ 3 hPa.
the Asia-Pacific region. Creating an international constellation that includes GEMS, GMAP-Asia (Geostationary mission for Meteorology and Air Pollution, Japan), GEO-CAPE (Geostationary Coastal and Air Pollution Events, USA) and Sentinel-4 (European Space Agency) starting in the 2017-2020 time frame will provide global understanding of air quality and climate change issues.
The main objective of this study is to examine what ozone information can be achieved with the spectral characteristics of GEMS, employing its 300-500 nm spectral range. First, we determine whether or not GEMS achieves all of the tropospheric ozone information that is obtainable from OMI, over its 270-500 nm range. Second, we determine what stratospheric ozone information is available from the reduced GEMS spectral range. Due to wavelength-dependent absorption and Rayleigh scattering, the tropospheric information is mostly contained in the Huggins band between 300 and 340 nm, whereas Hartley band information at wavelengths shorter than ∼ 290 nm mainly provides information for the altitude dependence of the ozone distribution above the stratospheric peak (Bhartia et al., 1996; Chance et al., 1997) . The 300 nm lower limit of the GEMS spectral range is determined using the results of this study for tropospheric ozone, considering the difficulty and expense of building an instrument for GEO measurements with an extended range. However, accurate measurements of the stratospheric ozone profile and column ozone on an hourly basis would allow us to improve understanding of the impact of the change in the stratospheric ozone on the radiation budget and vertical structure of temperature in the troposphere (Haigh, 1994) . Thus, it is very valuable to examine the potential capability of retrieving stratospheric profiles and stratospheric ozone column with proposed GEMS spectral coverage.
In this paper, we perform ozone profile retrievals using an optimal estimation-based technique (Rodgers, 2000; Liu et al., 2005 Liu et al., , 2010a from OMI Level 1B radiances (Dobber et al., 2008) with fitting windows within the 270-330 nm range, including the OMI fitting window, 270-330 nm and the eventual GEMS fitting window, 300-330 nm. We first compare the retrieval sensitivity (averaging kernels and degrees of freedom for signal, DFS) and the retrieval quality (solution errors) from retrievals using different fitting windows. This comparison determines the 300 nm lower limit of the proposed GEMS spectral range for keeping tropospheric ozone information; it will ultimately show that how much stratospheric ozone information content is available with the GEMS reduced spectral range. Second, we validate the predicted GEMS results for stratospheric ozone profiles and columns using high vertical resolution ozone profiles made by Microwave Limb Sounder (MLS).
Our paper is organized as follows. The GEMS program is introduced in Sect. 2. The ozone profile retrieval algorithm used in this study is explained in Sect. 3. In Sect. 4, we analyze the retrieval characteristics of OMI and GEMS to evaluate how different spectral coverage affects the performance. Comparison of GEMS and OMI stratospheric ozone retrievals to MLS measurements is presented in Sect. 5. Section 6 presents conclusions on the accuracy of stratospheric ozone columns and profiles and of tropospheric ozone columns and profiles when measured with the planned GEMS spectral coverage.
GEMS program
GEMS is planned for launch in 2018 onboard GeoKOMP-SAT, together with ABI (Advanced Baseline Imager) typed sensor and GOCI-2 (Geostationary Ocean Color Imager-2). The spatial domain of GEMS covers 5000 km × 5000 km ranging from 5 • S (Indonesia) to 45 • N (south of the Russian border) and from 75 • E to 145 • E. The nominal spatial resolution is 7 km N/S × 8 km E/W at Seoul. The N/S spatial resolution ranges from 4.9 km near the Equator to 9 km at the northern boundary of the domain while E/W resolution changes to keep the aspect ratio the same as that in Seoul. The spatial resolution at Seoul is 5.5 times better than the 13 km × 24 km resolution of the state-of-the-art OMI LEO instrument at direct nadir. The planned GeoKOMPSAT longitude is 128.2 • E. The temporal resolution is 1 h during daytime. The spectral coverage of 300-500 nm in one channel is selected to focus on measurable tropospheric trace gases. A simple one-channel design helps to ensure the 7-10 yr lifetime requirements. Based on sensitivity studies of spectral resolution and signal-to-noise ratios to retrieve concentrations of NO 2 , SO 2 , H 2 CO and O 3 , the spectral resolution is selected to be 0.6 nm. SO 2 was the main driver in optimizing the resolution and signal-to-noise ratio requirements.
To ensure the accurate retrieval of trace gases, the accuracies on the wavelength and radiometric calibrations are required to be better than 0.01 nm and 4 %. Utilizing the solar Fraunhofer lines, the actual accuracy may be determined to much higher accuracy (0.001 nm or better) (Caspar and Chance, 1997; Chance, 1998) . The current requirement for polarization sensitivity is < 2 %. The impact of stray light on the UV/VIS measurements shall be less than 2 % of the true signal. The performance of the system is comparable to or expected to be better than the existing LEO instruments. GEMS will provide the first hourly measurements of trace gases from space.
Accurate cloud pressure is an input for both ozone and trace gas retrieval algorithms. OMI has used the O 2 -O 2 absorption near 477 nm and rotational Raman scattering in the range 346-352 nm to determine optical centroid pressure (OCP) (e.g., Acarreta et al., 2004; Joiner and Vasilkov, 2006; Vasilkov et al., 2004 Vasilkov et al., , 2008 . GEMS includes both these spectral ranges. In addition, cloud information at much higher spatial resolution will be available from an ABI typed sensor within typically 7 min from GEMS data acquisition.
Ozone profile retrieval algorithm
We use the OMI ozone profile algorithm of Liu et al. (2010a) to retrieve ozone profiles from BUV measurements. This algorithm retrieves partial ozone columns at 24 layers from the surface to ∼ 60 km (0.22 hPa) using optimal estimation (OE) (Rodgers, 2000) , optimally combining information from measurements with a priori information, depending on the sensitivity of the measurements. The principle of OE is to find the optimal solution by simultaneously and iteratively minimizing differences between measured and simulated radiances, and between the state and the a priori vector (e.g., an ozone profile), constrained by measurement and a priori error covariance matrixes, respectively (Rodgers, 2000) . We perform retrievals from OMI radiances with OMI (270-330 nm) and GEMS (300-330 nm) spectral ranges respectively, after correcting some systematic biases derived from zonal mean MLS V2.2 data in the tropics, (Liu et al., 2010b) . GEMS is designed to have spectral resolution of 0.6 nm, while the spectral resolution of OMI is approximately 0.63 nm below 310 nm and 0.42 from 310-365 nm (Dobber et al., 2008) . The change in the sensitivity due to the different spectral resolution of OMI and GEMS should be insignificant . For simplicity of comparison, the effects of spectral resolution are ignored. The performance of the GEMS system is at least comparable to the existing similar LEO instruments, as pointed out in Sect. 2, and thus we use the OMI random-noise errors to construct measurement covariance error matrices for the retrieval performance of both OMI and GEMS. The inverse algorithm of Liu et al. (2010a) uses a monthly and zonal mean ozone profile climatology (McPeters et al., 2007) to define the a priori vector and the a priori error covariance matrix. We limit our study to solar zenith angles less than 85 • N and retrievals with fitting RMS (i.e., root mean square of fitting residuals relative to measurement error) less than 3.
Comparison of retrieval characteristics between OMI and GEMS
This section shows the validity of the proposed GEMS spectral coverage for providing the adequate tropospheric ozone information as well as investigating the loss of the stratospheric ozone information from excluding shorter UV wavelengths. We perform ozone retrievals from one orbit of OMI UV measurements on 30 April 2006 with four spectral ranges (windows). The upper limit of these windows is fixed to be 330 nm while the lower limit varies from 270 nm to 310 nm. We investigate the effect of different windows on ozone retrievals using their retrieval sensitivities and errors. We use the averaging kernel (AK), which characterizes how well the measurements probe the vertical distribution of atmospheric ozone information (Rodgers, 2000; Liu et al., 2005 Liu et al., , 2010a to represent the retrieval sensitivity. Each row of the AK matrix indicates the sensitivity of the retrieved ozone at each layer to the perturbation of ozone at all layers. It should be noted that, in addition to the spectral range, the AK matrix also depends strongly on the assumed a priori covariance and the measurement error, both of which are assumed to be the same here for both OMI and GEMS measurements. When the diagonal value of the AK matrix for a layer is unity, the measurements have sufficient information for ozone at that layer. The AKs can be used to estimate the vertical resolution (VR) of retrievals often specified as the full width at half maximum (FWHM). Each diagonal element of the AK gives the DFS for that layer, the number of independent pieces of information available at that layer from measurements. The DFS is a standard measure of the capability of atmospheric profile retrievals from satellite measurements (e.g., Liu et al., 2005 Liu et al., , 2010a Worden et al., 2007; Natraj et al., 2011; Bak et al., 2012a) . The error budget in OE-based retrievals is estimated in terms of the random-noise error, smoothing error, solution error, and systematic errors (Rodgers, 2000) . For retrieval error, we use the solution error defined as the root-sum-square of the random noise and the smoothing error; the random noise from the measurements and the smoothing errors due to the limited vertical resolution of retrievals and the use of a priori information are directly estimated from the retrievals (Liu et al., 2005 (Liu et al., , 2010a . Solution error for UV retrievals is typically dominated by the smoothing errors (Liu et al., 2005 (Liu et al., , 2010a . Figure 1 shows how the retrieval characteristics for the stratospheric and tropospheric column ozone change for the different spectral windows. The integrated DFS values/retrieval errors in the troposphere and stratosphere are plotted in 1 • latitude bins, with corresponding solar zenith angles. The stratospheric DFS shows larger values at higher latitudes, mainly because the optical path length through the stratospheric ozone layer becomes longer due to larger solar zenith angles. Conversely, the tropospheric DFS values tend to be smaller at larger solar zenith angles due to the decreased penetration of UV radiation into the deep troposphere (Liu et al., 2010a) . In addition, the change of the tropospheric DFS with respect to latitude is much more complicated because of the influences of clouds, aerosols, and surface reflectivity. There is no distinct loss in the tropospheric DFS of the 300-330 nm relative to that from 270-330 nm. However, the tropospheric DFS values are reduced by a factor of 2 with the change of the lower limit from 270 nm to 310 nm, for most of the tropics. The corresponding retrieval errors show negligible increase with the change of window from OMI to GEMS (300-330 nm), but show significant increase for the 305-330 nm window. At middle/high latitudes, tropospheric column ozone retrievals seem to be less affected by the spectral coverage used due to the limited light penetration at wavelengths less than ∼ 300 nm into the troposphere at large solar zenith angle. This result suggests that the lower limit 300 nm of the proposed GEMS spectral coverage is acceptable for simplifying the design of the spectrometer as well as minimizing loss in tropospheric ozone information. However, the lower limit for GEMS leads to a serious loss of the stratospheric ozone information compared to OMI. The average stratospheric DFS values decrease from ∼ 6 for OMI to ∼ 3 for GEMS although the change in corresponding stratospheric ozone column retrieval errors is negligible.
We further examine altitude regions where excluding measurements below 300 nm causes much loss of stratospheric information. In Fig. 2 , the performances for retrieving ozone profiles from OMI (blue lines) and GEMS (red lines) are compared with respect to the mean AKs and mean relative retrieval errors in low and mid-latitude regions, respectively. In the atmosphere below ∼ 20 km, AKs for each instrument show similar distributions. This illustrates that GEMS contains not only most of the tropospheric ozone information compared to OMI, but also most of the capability to separate tropospheric from stratospheric ozone columns. OMI AKs have well-defined peaks from ∼ 25 km to 45 km, with the highest DFS values. GEMS AK plots have very broad peaks above 30 km, with rapid reduction of their DFS values. The GEMS profile retrieval errors increase by ∼ 1-2 % (from 2 % to 4 %) for most of the stratosphere and by 3-4 % (from 3-4 % to 6-8 %) above 40 km. Above 30 km, the error increase is significant as the retrieval error almost doubles. In addition, Fig. 2 shows the comparison of the retrieval errors with a priori errors (black line). The magnitude of GEMS retrieval errors is very close to a priori error above ∼ 40 km, indicating the weak retrieval sensitivity and the strong influence of a priori on the retrievals. It should be noted that, despite GEMS's very weak vertical sensitivity above ∼ 25 km based on averaging kernels, the increases in retrieval errors appear to be small. This is because the a priori error for this altitude range is already very small (5-7 %); the retrieval errors also remain very small irrespective of spectral range, and the comparison of retrieval error might not reflect all the impact of reduced spectral range.
Evaluation of ozone retrievals against MLS
In this section, we assess whether information available from GEMS measurements is enough to resolve the true variability of the stratospheric ozone profiles. The MLS V3.3 standard O 3 products for April 2006 are used as reference values. We collocate MLS and OMI pixels within ±0.5 • in both latitude and longitude and 500 s in time, giving ∼ 30 000 collocated pixels. We apply data screening to exclude bad retrievals from both profile algorithms using criteria described in Sect. 3 for OMI and in Sect. 5.1 for MLS. V3.3 MLS O 3 profiles are recommended for use from 261-0.02 hPa (Livesey et al., 2011) . They are provided at 12 pressure levels per pressure decade from 1 hPa and higher pres- sures (∼ 1.3 km resolution), 6 per decade from 0.1-1 hPa (∼ 2.5 km resolution), and 3 per decade at lower pressures. For comparisons, the MLS profiles of volume mixing ratio are converted into partial ozone columns in Dobson units (DU, 1 DU = 2.687 × 10 16 molecules cm −2 ). V3.3 MLS and OMI/GEMS partial columns are interpolated into the MLS V2.2 retrieval grids. The vertical spacing of the V2.2 pressure grid is similar to OMI, ∼ 2.5 km below 0.1 hPa, and hence the interpolation error on the difference between OMI and MLS retrieved profiles is expected to be smaller when comparing them on this grid.
In Figs. 3-7 we compare the OMI and GEMS profiles and column ozone to MLS from 215 hPa to 0.2 hPa, the vertical range recommended by Liu et al. (2010b) for comparing OMI and MLS v2.2 ozone profiles. The comparison approach largely follows Liu et al. (2010b) .
MLS data
MLS is on board the Aura platform with OMI, so the effect of the spatiotemporal variability on comparisons with OMI (and GEMS) is relatively small (Liu et al., 2010b) . MLS measures microwave thermal emission from many molecules; ozone profiles are derived from emission near 240 GHz. MLS is limb-viewing and thus has higher vertical resolution but much sparser horizontal coverage than OMI. The V3.3 MLS O 3 data used here are from the NASA Goddard Space Flight Center Earth Sciences (GES) Data and Information Services Center (DISC). Although extensive validation results for the V3.3 MLS ozone product have not been released, they are not expected to differ significantly from those for the V2.2 data (Livesey et al., 2011) . Based on the V2.2 MLS validation papers by Froidevaux et al. (2008) , Jiang et al. (2007) , and Livesey et al. (2008) , the precision of the ozone profiles is ∼ 5 % for much of the stratosphere, increasing to ∼ 10 % at the lowest stratospheric altitudes. The precision of the stratospheric column ozone down to 215 hPa is about 2 %. To exclude bad retrievals, we reject profiles with negative ozone values less than −0.15 ppmv over 45-261 hPa pressure range and consider profiles having even status value, quality higher than 0.6, convergence lower than 1.18, and precision value higher than 0, according to the V3.3 data screening recommendations by Livesey et al. (2011) .
Comparison of stratospheric profiles
We analyze the statistical differences of GEMS/OMI retrievals and a priori relative to MLS profiles for April 2006. A priori profiles are based on the monthly zonal mean ozone profile climatology of McPeters et al. (2007) (hereafter the "LLM" climatology). The absolute difference is normalized to MLS measurements to define the relative differences. Figure 3 shows the mean biases versus 10 • latitudinal bins at each MLS layer from 0.22-215 hPa and the corresponding 1σ standard deviations. OMI and GEMS retrievals have similar agreement with MLS around the mean tropopause (black line), but show some large negative biases, usually within −20 % to −40 % below 68 hPa at low/mid-latitude. The standard deviations of the biases range from 20 % to 50 %. These large differences in the tropopause region likely originate from insufficient vertical resolution of OMI to capture the small-scale changes observed by MLS. A priori biases have opposite signs around tropical tropopause, mostly positive, indicating that some of the differences (where ozone values are relatively small) are due to systematic biases between OMI/GEMS and MLS.
The largest impact of not using measurements below 300 nm is mainly found for pressures less than ∼ 3 hPa (∼ 40 km) where there is no peak in the AKs for GEMS and the retrieval error is very close to a priori (Fig. 2) . GEMS retrievals show the large biases of ∼ 20 % down to 3 hPa, especially at high latitude. The GEMS positive mean biases at these layers are consistent with those of the a priori, indicating the strong influence of the a priori on retrievals. Moreover, the GEMS retrievals have more vertical oscillation in the biases between 1-50 hPa especially in 30 • S-30 • N, due to reduced vertical sensitivity and stronger a priori influence relative to OMI retrievals. For example, the tropical region shows distinct negative bias of ∼ −10 % at ∼ 2 hPa and positive bias of ∼ 10 % at ∼ 10 hPa where OMI is retrieved within ±5 % with respect to MLS. Figure 4 shows globally averaged profiles of mean biases and standard deviations for April 2006. From 60 to 100 hPa, the global mean biases of GEMS show 5 % larger negative mean biases than OMI. From 1 hPa to 0.2 hPa, the global biases range from ∼ 0 % to 17 % for GEMS and from 0 % to 10 % for OMI. The global mean bias profiles remain within retrievals. However, the corresponding standard deviations of GEMS mean biases are found to be slightly larger than those for OMI, by up to ∼ 5 %.
Comparison of sub-column O 3 in the stratosphere
In order to better understand the information obtained with different spectral windows, we explore the retrieval performance for sub-layer column O 3 . The profiles are integrated into the three pressure layers, bounded by the 0.2, 1, 68, and 215 hPa pressure levels. Figure 5a gives scatter plots of GEMS versus MLS layer column ozone grouped into low (0 • -30 • ), middle (30 • -60 • ), and high (60 • -90 • ) latitude bands for the Northern Hemisphere. Figure 5b and c give OMI and a priori with respect to MLS. The comparison statistics (mean biases, standard deviations, and correlation coefficients) are summarized in Table 1 . First, the weak sensitivity of GEMS measurements to 0.2-1 hPa layer column O 3 (upper column O 3 ) is clearly found, with a correlation coefficient of ∼ 0 with MLS. In this layer, the scatter of GEMS versus MLS is very similar to that of a priori and MLS, especially in the low/mid-latitudes. In contrast, OMI contains more information content than GEMS due to the inclusion of spectral information below 300 nm, as seen from the positive correlation of more than 0.6 with MLS above 30 • N. Second, both OMI and GEMS retrievals show considerable sensitivity to middle and lower layer column O 3 . They show much better agreement with MLS than with a priori. However, the GEMS retrievals have slightly weaker correlation with MLS than does OMI even below 1 hPa. The GEMS performance for the middle column O 3 slightly increases the positive biases by ∼ 0.8 DU (0.4 %) at low latitude and ∼ 4 DU (1.5 %) at middle/high latitude in relation to OMI. For the lower column O 3 , the largest difference between OMI and GEMS with MLS is at mid-latitude: mean biases increase from −9.1 DU (−13 %) for OMI to −15.5 DU (−20.8 %) for GEMS. The high latitude also shows the significant increase in the absolute mean biases from −7.9 DU to −12.2 DU. In contrast, the low latitude mean biases increase by 0.5 DU (3 %) due to the exclusion below 300 nm. In this pressure range, the ozone is mostly retrieved in the upper troposphere in the tropics and is in the lower stratosphere at middle/high latitudes. In addition, the lower column O 3 is much smaller in the tropics than those at middle and high latitudes. Therefore the middle/high latitude lower column O 3 is more strongly impacted by the exclusion below 300 nm than the low latitude. Overall, the impact of the 270 to 300 nm spectral information on the comparison of retrievals with MLS is found to be larger in the lower column O 3 than middle column O 3 despite the negligible difference in the retrieval sensitivity around the tropopause between OMI and GEMS as shown in Fig. 2 . This is because the relative a priori error (thus the retrieval error) for the lower O 3 column is significantly larger than that for the middle column O 3 .
Comparison of stratospheric column ozone
We compare stratospheric column ozone (SCO) from 0.2 to 215 hPa as function of latitude in Fig. 6 . Both OMI and GEMS SCO are generally negatively biased with respect to MLS. In Table 1 , we indicate the positive biases above 68 hPa and negative biases below it for sub-layer column O 3 between 215 hPa and 0.2 hPa. Therefore, the SCO 
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Lat. (Liu et al., 2010b) . The mean biases show their maximum values in mid-latitudes; their standard deviations increase generally with latitude. The GEMS/OMI biases in the tropics are less than −2 %. The main difference in OMI and GEMS stratospheric column ozone is found at latitude bands above 35 • N/S; GEMS biases are larger than OMI biases by up to 4 DU (∼ 1 %). Standard deviations for the GEMS and MLS differences are similar to those for the OMI and MLS differences, varying from 1 % to 3 %, depending on latitude.
Conclusions
We investigate the retrieval performance for ozone profiles from OMI level 1B data using different spectral windows (OMI: 270-330 nm, GEMS: 300-330 nm), in order to identify the weakness of excluding measurements below 300 nm on retrievals. This exclusion makes little difference in both retrieval sensitivity and the retrieval error for the tropospheric ozone profile/column retrieval. The change of the lower spectral limit from 300 nm to 310 nm leads to a significant reduction in the tropospheric DFS with a significant increase in the associated retrieval errors. Therefore, the proposed GEMS spectral coverage is nearly optimal for maximizing the tropospheric ozone information available from UV measurements. However, the exclusion of spectral information below 300 nm substantially reduces the stratospheric DFS. The loss of stratospheric ozone information occurs mostly above ∼ 20 km. The stratospheric column retrieval errors do not vary much with spectral coverage, but the errors at individual layers show significant increases.
GEMS retrievals have, on average, three independent pieces of information in the stratosphere. In order to determine whether the three independent pieces are enough to report the stratospheric ozone profiles and stratospheric column ozone, we further evaluate both OMI and GEMS retrievals using high-resolution MLS V3.3 standard O 3 product for April 2006. GEMS profiles show an excellent agreement with MLS data except for the tropopause region and altitudes above ∼ 3 hPa: the global mean biases are within ± 5 % with standard deviation of 5-10 %. This agreement is comparable to that of OMI and MLS except with larger standard deviations by up to 5 %. The weakness of GEMS profile retrievals is mainly found above ∼ 3 hPa. Because GEMS contains little vertical information above 3 hPa as shown in Fig. 2 , comparisons at layers above 3 hPa show a large dependence of GEMS retrievals on a priori (LLM climatology), with the large differences corresponding to large differences between a priori and MLS. This suggests that the large GEMS ozone biases above 3 hPa can be reduced by using better a priori information. A priori information used in this study is basically from the LLM climatology, derived using ozone measurements from ozonesondes (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) , SAGE II (1988 , and Upper Atmosphere Research Satellite (UARS) MLS (1991-99) . Figure 7 is the same as Fig. 3 , except for using a priori data from the updated version of the LLM climatology presented by McPeters and Labow (2012) (hereafter, the "ML climatology"). This climatology is formed from the Aura MLS V3.3 data (2004) (2005) (2006) (2007) (2008) (2009) (2010) and ozonesonde data . We found that the a priori information from the ML climatology greatly improves the GEMS/OMI retrievals above ∼ 3 hPa. Even for below 3 hPa, some improvements are found. However, the ML climatology tends to increase the differences between retrievals and ozonesonde measurements generally in the upper troposphere and lower stratosphere (UTLS) compared to the LLM climatology (not shown here). We will further investigate the various a priori data to select the optimal one for GEMS ozone profile retrievals in a future study.
Both GEMS and OMI retrievals below 68 hPa show large mean biases with MLS and their large standard deviations, but GEMS has larger biases, especially at mid-latitudes. The altitude region below 68 hPa is associated with the UTLS region where atmospheric dynamical processes strongly influence ozone variability. The LLM climatology only represents ozone variances as function of month and latitude and thereby is not suitable for representing the ozone variances in the UTLS region. Therefore, some standard deviations of the differences between OMI/GEMS and MLS might be related to differences between a priori and true states. Therefore, there is substantial room for improving ozone retrievals in the UTLS region by using the dynamically oriented a priori information. The tropopause height dependent (TB) climatology of ozone profiles for the OMI retrieval algorithm is under development by Bak et al. (2012b) . We will investigate the use of TB climatology for GEMS retrievals in future work. Furthermore, we indicated that the large negative biases around tropopause are associated with the systematic biases between OMI/GEMS and MLS V3.3 retrievals.
As the total ozone columns are mostly determined from the radiance measurements at the longer wavelengths (> 300 nm), which are in both GEMS and OMI spectral range, the similar OMI/GEMS SCO retrieval performance indirectly demonstrates that the tropospheric ozone column retrieval performance is similar to that of OMI. Furthermore, we directly demonstrated that the GEMS performance can provide the tropospheric ozone retrieval sensitivity at least comparable to OMI. Nevertheless, even a small error or bias in the stratospheric ozone column could translate into a large error or bias in the tropospheric ozone column, simply because the tropospheric component is usually a small part of the total column. In order to check the differences in the tropospheric ozone columns due to the different spectral range, the direct comparison of total/stratospheric/tropospheric ozone columns between OMI and GEMS is performed. The mean biases between retrievals are plotted as a function of solar zenith angle in Fig. 8 . Comparisons show the larger differences of retrievals at smaller solar zenith angles (tropics) where the lower limit of the spectral coverage plays a significant role in the retrieval characteristics as shown in Fig. 1 . The total column ozone comparison shows the mean difference of ∼ 0 DU at solar zenith angle greater than 40 • ; GEMS tropospheric (stratospheric) column ozone retrievals are negatively (positively) biased relative to OMI within ∼ 2 DU. On the other hand, bias of ∼ 3 DU (∼ 1 %) in the stratospheric ozone column and bias of ∼ −1 DU (∼ 0.5 %) in total ozone column translate into bias of ∼ 4 DU (∼ 10 %) in the tropospheric ozone column at small solar zenith angle of less than 30 • . This result illustrates that little changes of the retrieval characteristics need to be carefully considered in developing the GEMS algorithm for the tropospheric ozone retrievals.
This study contributed to determining the projected GEMS spectral coverage for tropospheric ozone retrievals and demonstrated the possibility of retrieving the stratospheric ozone profiles from GEMS spectral information despite the lack of Hartley band information.
